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64 Alignment technlque for a scanning beam.

€2 An alignment system for registration of a scanning beam
in a mask inspection tool. Minimum scan widths (W) in the reg-
istration process are attained, thereby increasing registration
sensitivity. This technique allows initial placement of the E-
beam to be outside the capture range so that the scan (1A) on
one side of a mask portion (3) is completely off the metal (on
glass) and the scan (1B) on the other side is completely on the
metal. Correction signals are obtained by comparing (subtract-
ing) the backscattered electron signals from the two scans,
with the magnitude of the resulting signal being indicative of
the amount of correction required and the sign being indicative
of the direction of correction.

o~

Wi Ee !
28

I~ 38
48

\

ok ¥

ACTORUM AG



10

15

20

25

30

ALIGNMENT TECHNIQUE FOR A SCANNING BEAM O 1 3 0 4 9 ./

Background of the Invention

Field of the Invention

This invention relates to an automatic beam alignment system for testing,

measurement, and verification of high contrast image patterns.

Prior Art

Registration is required to correct for a lack of overlay between a
scanning beam and target features. This misalignment results from target
fabrication and beam deflection tolerances. Tolerances for each are small
over short distances but are significant over the deflection range of the
inspection tool. Known registration techniques may employ the measurement
of either transmitted or reflected light, reflected or secondary electroms,
or backscattered currents when a controllable beam is selectively addressed
onto the unit to be inspected with controlled alignment. Reference is made
to "Registration Mark Detection For Electron Beam Lithography-EL-1 Systems",
Davis, IBM J. Res. Dev., Vol. 25, No. 5, pp. 545-553, September 1980.

Davis examines various techniques of automatic wafer registration in

E-beam lithography. This is used to locate differences in surface topology

as distinguished from differences in materials.

The difference between integrated signals resulting from scanning equal
areas straddling opposite sides of features is a correction signal having
a polarity related to the direction and an amplitude proportional to the

magnitude of the beam-to-feature translation error.

Reference is made to U.S. patents 4,357,540 and 4,365,163. These patents
disclose a registration scheme utilizing a scanning beam system for mask
inspection by scanning regions straddling opposite edges of features on

the substrate to be inspected.

Prior art relating to alignment techniques utilizes different approaches.
For example, U.S. patents 4,301,370; 4,238,780; 4,209,830; and 4,203,064
all relate to techniques for aligning integrated circuit chips for purposes
of bonding. U.S. patent 3,670,153 relates to a technique for aligning
substrates prior to applying the chips bor bonding. U.S. patent 3,924,113
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relates to a technique of aligning an electron beam scanned field to a

wafer.

The above-described patents require a large scan window to provide the
capture range needed to ensure alignment over the range of tolerances

5 affecting the pre-alignment positioning of the object to be aligned. If
the features are not contained within the scanned windows, it is not
possible to generate a valid correction. Therefore, alignment accuracy
cannot be increased by reducing the scanned window size. These prior art
techniques therefore cannot handle an out of range condition where a piece

10 lays outside the respective scan windows.

U.S. patents 3,955,072; 4,052,603; and 4,103,998 relate to optical mask to
wafer alignment techniques. U.S. patent 3,876,883 relates to a system for
aligning a mask to a wafer in an electron beam projection system. These
prior art devices determine the relationship of superimposed images of

15 pairs of known features on two objects, that is the mask and wafer, to
provide mutual alignment. No attempt is made in these systems to align the
objects to a scanning beam. Finally, U.S. patent 3,575,588 describes a
technique for writing wiring patterns on substrates with an electron beam.
In accordance with this patent the amount of data required for control of

20 the beam sweep and deflection is reduced. Alignment is not a part of this

technology.

Known registration techniques therefore commence by scanning features and
generating a correction value which is then applied. In accordance with
known technology, registration sensitivity is inversely proportiomal to
the width (W) of the areas scanned for registration, i.e. scan windows.
25 Consequently, minimizing the value of W is an important criterion in any
system. The minimum value of W is determined by the capture range (C)
required to insure registration over the range of the mask and the

electron beam deflection tolerances. As such, W z_ZC.

Anothér deficiency in these systems is the requirement for utilizing
30 registration marks to reduce the sub-field registration capture range to a
reasonable value when mask tolerances approach several tenths of a micro~
meter. This is especially true in the case of optically generated photo
“masks. Use of a chip registration mark impacts system throughput by
- 7. approximately 10% and requires that regions of product area be set aside
' FI9-82-059
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for registration marks at each chip site. There is no capability for
handling the occasional out of range condition which will inevitably occur.
In these systems the best that can be done is to apply the maximum correc-
tion (W/2) with the hope that it also proves to be sufficiently accurate.

5 These techniques are also sensitive to backscatter current variationms
primarily because of mask material thickness tolerances. This results in
correction errors which are proportional to the correction needed. Such
errors are significant when the maximum correction is needed unless some

correction technique is employed.

10 Summary of the Invention

Given the shortcomings in the prior art, it is an object of the present

invention to define a registration system that allows initial placement of

the scanning beam to be outside the capture range so that the scan window

on one side is directed completely onto one material (high contrast) while
15 the scan window on the other side is completely on a different material

(low contrast).

Yet another object of this invention is to define a system of registration

which eliminates the effect of backscattered current variatioms.

These and other objects of this invention, as claimed, are accomplished by
20 a registration wherein a beam is scanned over equal areas at nominal

locations on opposite sides of patterns in a given field on a substrate.

Different signal levels are obtained when scanning high contrast versus

low contrast areas.

While scanning such that the beam straddles the edge of a feature, the

25 detector output signal will approach the high contrast signal level as
more and more of the electron beam impinges on the high contrast area of
the target. Conversely, the signal will approach the low contrast signal
level as more of the beam impinges on the low contrast area. The difference
between the signal levels obtained by integrating these signals produced

30 while scanning equal areas straddling opposite sides of a feature, has a
magnitude proportional to the beam to pattern alignment error, and a sign

that corresponds to the direction of this overlay error.

F19-82~(59



10

15

20

25

e | 0130497

The present invention allows the use of minimum width (W) scan windows in
the registration process to increase registration sensitivity. Prior art
techniques have utilized a window width which is limited by a capture
range (C) such that W > 2C. In accordance with the present invention
however, initial place;ént of the beam may be outside the capture range,
such that the scan on one side is completely on the high contrast material,
while the scan on the other side is completely on the low contrast

material, such that a maximum correction signal is obtained.
This invention will now be described in greater detail by referring to the
attached drawings and the description of the preferred embodiment of mask

inspection with a shaped spot electron beam.

Brief Description of the Drawings

Fig. 1 is a schematic drawing showing registration scan areas on a

specimen;

Fig. 2 is a schematic drawing illustrating a successive beam scan position-

ing;
Fig. 3 1s a block diagram of a system incorporating the successive
positioning registration techmnique in accordance with the present inven-

tion;

Fig. 4A is a block diagram showing the correction increment generator of
Fig. 3;

Fig. 4B is a graph plotting integrator output as a function of time;

Fig. 5 is a block diagram showing the correction generator of Fig. 3; and

Fig. 6 is a block diagram showing the beam position correction driver of
Fig. 3.

Description of the Preferred Embodiment

Referring now to Figs. 1 and 2, schematic drawings depict the basic

registration technique in accordance with this invention. As shown in

F19-82-059
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Fig. 1, the basic concept as employed by the present invention is that a
shaped beam spot scans over equal areas illustrated as windows lA and 1B
at nominal locations straddling opposite sides of a metal feature 3 in a
given field on a conductive coated glass substrate 4. Fig. 1 shows in

schematic form metalization features 3 and 3'.

Different numbers of electrons will be backscattered from the glass areas 4
and the metal areas 3 and 3'. The difference between the signal levels
obtained by integrating the signals produced from the backscattered
electrons, while scanning each of the windows (lA and 1B), has a4 magnitude
that is proportional to the beam to pattern error (overlay) and a sign

which corresponds to the direction of the overlay error.

The present invention departs from the prior art identified hereinabove by
eliminating the problem of accuracy loss with large capture range increase,
minimizes the effects of unwanted target backscatter variation, and
handles the condition where the scans do not straddle feature edges. As
shown in Fig. 1 two areas lA and 1B are scanned and a correction is deter-
mined based upon the difference in backscatter from the two areas. The
correction is added to the net result of the corrections which were
applied during scanning, to form a new correction. If rescanning, i.e.
repeating the field registration scan sequence, is performed, the resulting
correction corresponds to the error in application of the previous correc-
tion. Therefore, it will be significantly smaller. This technique allows
for registration even if the scans do not straddle feature edges on the
first pass. The system allows for successive updates to the beam position

until acceptable alignment has been achieved.

Fig. 2 illustrates successive pairs (A, B) of scan windows (1-4) which are
shown slightly shifted in the y axis direction for clarity. Position

corrections are made in the (X) direction.

As shown in Fig. 2 the first scan window pair (1A, 1B) is mispositioned so
that the feature edges are completely missed. That is, as shown in Fig. 2,
a window of width (W) does not in any way overlap the edges of metal
feature 3. This results in a maximum position correction increment
equivalent to half the window width (W/2) being applied to the beam. It
also results in a signal designated as Correction Increment Exceeds Limit

being sent to a digital controller to automatically initiate a rescan at
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the updated position. Such will be explained hereinafter relative to
Figs. 3-6. The example of Fig. 2 illustrates the scan windows overlapping
the feature edges after 3 position updates, that is, windows (4A, 4B).
Final alignment is achieved by the less than maximum (W/2) position

5 correction increment being applied after the fourth scan. It is noted that
if another scan sequence occurred the scan windows would be symmetrically
positioned relative to the feature edges and thus would indicate no

further correction was needed.

Given this iterative technique it is possible to specify a maximum

10 allowable incremental correction which 1s small enough so errors caused by
backscattered current variations will be acceptable. Should the limit be
exceeded a rescan is performed. This technique also accommodates errors
beyond the normal capture range since a correction signal equal to the
capture range would be applied. Thus, on some subsequent rescan, the scan

15 windows would be positioned within the capture range. Registration
sensitivity can be as good as needed because this technique allows the use
of a small window width (W) and the correction range is independent of the
capture range. Rescanning can be completely automated utilizing the
Correction Increment Exceeds Limit comparator output signal (Fig. 5) to

20 cause the control hardware to repeat the registration scan sequence when a

correction increment that is at or near the maximum is applied.

Fig. 3 shows an example of a registration system utilizing this iterative
technique. Fig. 3 illustrates in highly schematic form an E-beam column 10
having an E-beam source 12 emitting a scanning beam 14 through various

25 deflection plates 16. The beam 14 is steered as shown in Fig. 3 onto a

7 sample 18 positioned on an X-Y table 20 within the evacuated E-beam colummn.
Such E-beam generation, deflection and scanning techniques are well known

in the technology.

As shown in Fig. 3 backscattered electron sensors 22, 24 are positioned

30 above the sample 18 to receive and sense backscattered electrons 26
emitted as a result of E-beam impingement onto the sample 18. A signal
from sensors 22, 24 is supplied to a backscattered electron detector 28
which is used to provide an input to the correction increment generator 30.
The correction increment generator 30 integrates the signal during each

135 pair of scans and digitizes the resulting value. The correction increment

- generator 30 produces an output representing the difference of the value
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received by the correction increment generator for each of the scans. This
output is a position correction increment. The value is used as an input

to the correction generator 32 which adds the increment to the existing
position correction value thereby generating an updated position correction

value used as an input to the beam position correction driver 34.

The beam position correction driver 34 converts the position correction
value received from the correction generator 32 into an analog signal.
This analog correction signal is supplied to the beam position driver 36
which is used to reposition the beam via a control input to steering

plates 16,

Referring now to Fig. 4A, a block diagram of the correction increment
generator 30 in Fig. 3 is shown. The signal from the backscattered
electron detector 28 provides input to the integrator 40, either directly
or through the inverter 41. The inverter 41 is used during the first scan
(Tl to T2) for example, and bypassed during the second scan (T3 to T4) by
using switch 43 actuated by a lst/2nd scan control signal. Integrator 40
has its operation controlled by a Reset signal and an Integrate/Hold
signal from the digital controller (not shown). The reset line is employed
to zero the integrator. The integrate/hold line enables integration to
occur when a feature edge is being scanned or causes the integrated signal

to be held until after the sample and hold (S/H) module 42 is set to hold.

As an example, during scanning of window 1B, the lst/2nd Scan signal
causes the input signal to go through the inverter, and the Integrate/Hold
signal causes the input signal to be integrated for a fixed time

(T = T2 - T1). During scanning of window 1A, the lst/2nd Scan signal
causes the input signal to bypass the inverter and the Integrate/Hold
signal causes the input signal to be integrated for the same fixed amount
of time (T = T4 -~ T3). This is shown in Fig. 4B which plots integrator

output as a function of time.

Upon completion of the scans, the system controller uses the Convert Scan
Value signal line to set the sample and hold module 42 to a hold mode.
After processing the Convert Scan Value signal through a delay module 44,
a signal is provided to the analog to digital converter 46 to convert the
analog input level received from the sample and hold wmodule 42 ni.

R R e

equivalent digital value. Wrer tle £/T ccrveroo o0 ap e ro

v
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.sion it outputs the digitized Position Correction Increment, which is used

as an input to a correction generator 32, and a Data Ready signal.

Referring to Fig. 5, a block diagram of the correction generator 32 is
shown. A first input to the correction generator is the position correction
5 increment signal. The correction generator accepts this position correction
increment value as an input and adds it to the present correction value
thereby generating an output which is the updated Position Correction

Value sent to a beam position correction driver.

Thus, as shown in Fig. 5 the correction generator utilizes an adder 60
10 receiving the position correction increment signal as one input. A present
correction generator 62 holds the present correction value which is used
to form a second input to the adder. The adder then combines the present
correction signal with the position correction increment to provide a new
correction value which is used to update register 62. This updated output,
15 the new position correction value, is used as the output of the correction

generator forming an input to the beam position correction driver.

As shown in Fig. 5 the position correction increment is also fed to a
comparator 64 receiving as a second input a "Maximum Increment For No
Rescan" signal 66. The two values are compared in the comparator 64. If

20 the correction increment exceeds the predetermined allowed limit, a signal
is returned to the digital controller. This signal from the comparator

will then cause the registration scanning to be repeated.

Referring now to Fig. 6, the block diagram of the beam position correction
driver 34 is illustrated. The position correction value output from the
25 present correction register 62 is used to form parallel inputs to a pair
of correction registers, i.e. an X correction register 68 and a Y correc~
tion register 70. The value is strobed into one or the other of the regis-
ters 68 and 70, depending on the state of the X/Y correction line input to
selection logic 72. That logic network receives as a second signal a data
30 ready signal supplied from the correction increment generator shown in
Fig. 4A as an output from delay 74 as further processed from the correction
generator shown in Fig., 5 in a subsequent delay module 76. Thus, the ulti-
mate data ready signal into logic network 72 provides a second input to
the pair of AND gates such that the position correction value is strobed
35 into either of the correction registers 68 or 70 at the proper time.
F19-82-059
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The values in the X-register 68 and the Y-register 70 are continuously
inputted to a pair of digital/analog converters 78, 80. The output of
those converters are analog X and Y correction signals sent to the beam
position driver 36. The beam position driver 36 adjusts beam position in
accordance with known techniques. When either correction driver is updated,
a Correction Applied signal is sent to the digital controller as a

function of the output of the OR gate in logic network 72 as processed

through delay circuitry 82.

Thus, in accordance with the present invention a registration technique is
provided having the ability to handle out of range registration conditions
while enabling a maximum of registration sensitivity. This is accomplished
by utilizing smaller width scans since the capture range is independent of
correction range. The system also eliminates the need for precise

pre—alignment.

Importantly, the present invention eliminates registration correction
errors which are caused by backscattered current variations since it

utilizes successive correction increments.

As set forth herein, the correction generator 32 allows, by comparison
control, the registration scan to be repeated thereby controlling the
correction error for successive samples, for example those of significantly
varying material tolerances. Such is an important specific advance in this
technology. The technique when employed for such samples will now be

discussed.

Consider again Fig. 1 and the scanned area divided such that the scan

width W is divided into portion X1 and X2' Also, let SA

unit area in the clear, that is, the glass, region and S

equal the signal/
B be the signal/
unit area in the opaque or metal region. Thus, the signal received from
scan area lA would equal:

X1 L SA + X2 L SB
Correspondingly, the signal from the right hand scan area 1B would equal:
Xl L SB + X2 L SA
The translation error of the pair of scanned windows with respect to the
feature is therefore related to the signal (S) obtained by taking the

difference between the integrated signals obtained while scanning the
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right and left scan areas 1A and 1B. The difference signal can then be
defined as:

S

(X%, LS, +X L S) - (X, LS, +X LS,)
X, L (8, = S) +X L (85 -8,)

= (X2 - Xl) L (SA - SB)

For a given situation, the scan length L is fixed. For repeatable uniform
coatings, the clear and opaque backscattered signal levels/unit area, SA
and SB are constant so that their difference (SA - SB) will also be

constant.

Then, S =K (X2 - Xl) = K AX
where, K = L (SA - SB) = constant

and AX = the beam (scan window pair) to feature mispositioning.

Thus, the difference signal is proportional to the beam to pattern align-
ment difference, so that the signal can be used to correct the beam to

pattern alignment.

However, variations in material thickness will affect the signal levels
from the opaque (SB) area primarily and conductive coated clear regions
(SA) on a mask. This effect will be minimized and may be made negligible
by maintaining tight tolerances on material variation from plate to plate

and within a plate.

Assuming the material tolerances between plates or over a plate result in
a signal range SA'—SB' that is B times that of the nominal case, the
correction signal S' becomes:
S' (X2 - Xl) L (SA' - SB')

(X2 - Xl) LB (SA - SB)

= BS
and AS', the error in the correction signal, is:

AS' = 8' -8
= (8 - 1)s

which makes the correction error proportional to the correction.

The position error can be kept small by keeping the final correction
increment small. For example, if B8 = 1.1 (10% increase in the signal

difference) the correction will be in error by 10%Z. Then, the correction

FI19-82-059
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error may be maintained below a specific value by keeping the final

~11-

correction increment below 10 times that correction error limit. A graph
can therefore be compiled of correction error versus correction signal.
Such a graph, not shown, would plot the correction error as a function of
the position correction for various B values. Consequently, if 8 = 1 is
the error free case, B = 1.1 would imply a signal difference 10%Z higher
than the nominal. Consequently, a correction error limit may be maintained
at, for example, + 0.025 um, which limits the final position correction to
a range + 0.25 um for a 10%Z change in the signal difference. (B = 1.1 or
0.9) and to the range + 0.5 um for a 5% variation in the signals differ-

ence.

Limiting the final correction increment is accomplished utilizing the
comparator 64 shown in Fig, 5 that signals the digital controller when the
position correction value exceeds the value in which the position error
limit would be exceeded. The position is updated and the feature is

rescanned until the correction increment is acceptable.

Thus, in accordance with the present invention an alignment system for
registration of a scanning beam utilizing backscattered electrons in a
mask inspection tool is defined having improved characteristics. The
system allows the use of minimum scan widths in a registration process to
thereby significantly increase registration sensitivity. Although the
system has been defined relative to its preferred embodiment, it is
apparent that light or other beams may be used, and other modifications
may be practised, without departing from the essential scope of this

invention.
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A system of aligning a scanning beam (l4) to a pattern formed on a

sample (18) comprising:

sensor means (22, 24, 28) for generating signals during scans of

separate portions of a pattern;
characterized by:

control means for causing pairs of scans (lA, 1B) over equal areas
with minimum width (W) straddling opposite edges of a bar-like
portion (3) of a pattern at a location where said portion is expected

to be situated;

processing means (30) receiving said signals during each scan pair
and producing a position correction increment signal having a sign
and a magnitude indicative of the direction and the amount of

misposition of said beam relative to said separate portions (3) of

said pattern; and

means (32) receiving said position correction increment signal and
combining it with the correction which was applied during said scans
to produce a correction signal having a magnitude indicative of the
amount of required beam correction and a sign indicative of the

required direction of correction.

The system of claim 1 further comprising a beam position correction
driver (34) receiving said correction signal and providing outputs
for repositioning said scanning beam for a subsequent scan of said

pattern.

The system of claim 2 further comprising an E-beam source (12) and an
evacuation column (10), a table (20) positioned in said colummn, a
sample (18) having said pattern positioned on said table, said sensor
means (22, 24) positioned in said column outside the scan range of
said E-beam to receive backscattered electrons from said pattern, and
a beam position driver (36) with associated means (16) in said column

receiving the outputs from said beam position correction driver (34)
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for repositioning said scanning beam.

The system of a previous claim wherein said processing means (30)
comprises signal converting means (40-46) for converting error signals
from said sensor means into a digitized output, means (42, 44, 46) for
storing the digitized output, and timing means (44, 74) for selec-
tively gating said digitized output as a function of the scan rate of

said scanning beam.

The system of claim 4 wherein said signal converting means comprises
an integrator (40) receiving said error signals, a buffer (42)
receiving the output of said integrator and an analog to digital
converter (46) operative to receive the output of said buffer as a

function of said timing means (44).

The system of a previous claim comprising a correction generator (32)
having a position correction register (62) storing a signal indicative
of the scanning position correction of said scanning beam, an adder
(60) receiving the output of said correction register and said
correction increment signal and producing as an input to said correc-
tion register an updated position correction signal representing a

new scanning position correction of said scanning beam.

The system of a previous claim further comprising means (66) for
storing a limit signal representing a maximum correction increment
for no rescan, and comparator means (64) receiving said limit signal
and said position correction increment signal and producing an output
if said correction increment signal exceeds said limit signal whereby

said scan pair will be repeated.

The system of claim 2 wherein said correction driver (34) comprises a
pair of correction registers (68, 70), timing means (72) for direct-
ing the storing of said correction signal in either one of said
correction registers and converter means (78, 80) for converting the
signals stored in said correction registers intc an analog output

signal pair for repositioning said scanning beam (14).

The system of claim 8 wherein one of said correction registers stores

an X-direction correction signal and the other of said correction

F19-82-059
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registers stores a Y-direction correction signal.

10. The system of claim 6 wherein said position correction register (62)
comprises a pair of registers, one storing an X-direction signal
indicative of the scanning position correction of said scanning beam,

5 and a second register storing a Y-direction signal indicative of the

scanning position correction of said scanning beam.
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